The first phase of the development of an expanded Integrated Pest Impact Assessment System (IPIAS) was an inventory of forest stand , pest and other forest resource impact models.
INTRODUCTION
The development of an expanded Integrated Pest Impact Assessment System (IPIAS) is to be accomplished over a period of several years (Daniel et al. 1983) .
The goal of IPIAS is to provide forest planners and managers with an efficient and effective means for projecting the socioeconomic and biological impacts of pest outbreaks and alternative management actions designed to reduce losses.
The system will not only focus upon the effects of forest changes associated with pest damage and control, but will also be applicable to a much wider range of forest management problems (actions which cause stand modification) .
•• rj-f > A major project objective is to enhance IPIAS with a geographic information system (GIS) which would serve as the input data base for stand growth and impact models.
The geographic information system should allow the user to quickly input specific stand data and area and spatially evaluate the current resource.
IPIAS, then, will for several time periods, take one initial stand, modify it by way of a growth simulator model, a pest outbreak model, and a given management prescription and then output the characteristics of the residual stand at each time period.
These data can then be used as inputs to impact models of various types.
OBJECTIVES
A logical starting point in the development of such a system is the identification of currently available pest impact models and the assessment of user opinions of these and other related models.
In fact, a 5-year research and development project for IPIAS (Anonymous 1983 ) charts a course of action which includes these tasks.
Some of the major areas of development specified by this document are: (1) survey and evaluate models now in use, and (2) identify model information currently used and additional information needs. More specifically, a cooperative research agreement Conduct a search for forest stand and socioeconomic impact models.
2.
Conduct a search for mountain pine beetle models.
3.
Survey pest management and research groups for mountain pine beetle models currently being used or developed.
4.
Report on existing forest stand and mountain pine beetle models, including types of data needed and types of output produced.
5.
Identify potential users of IPIAS.
6.
Identify impact information currently used by these groups and how it is used.
7.
Identify additional information user groups would like to have. In addition to the 46 models, 32 other trend prediction, management simulation, hazard rating, and spot growth models specific to southern pine beetle were researched and assessed as to their potential applicability to IPIAS (Table 2 ). These models are summarized in Mason (1984) .
MODEL INVENTORY AND ASSESSMENT
Again, these models were, however, not directly applicable to the development of IPIAS in Regions 1 and 6. During this model identification phase, several other quantitative impact models were found.
However, these models were discovered to be "only guidelines", "under development", "not tested", "currently being debugged", "not widely applicable", or in some cases, only rumored and did not actually exist.
The final 31 models which were selected as being potentially useable in IPIAS can be broken down into categories for which they make predictions, conduct efficiency analyses, or perform simulations ( Table 1 ). The categorizations in Table 1 are one way of assessing prevalence or absence of certain types of models.
Note that some models appear under more than one category since they perform more than one type of prediction or analysis.
A^Copies of this data can be obtained by writing G.J. Buhyoff It is particularly noteworthy that no range, recreation use, or visual quality models are listed. Current approaches to the assessment of impacts on "other" forest resources such as social impacts tend to be more qualitative than quantitative and rely on expert judgment rather than explicit analytical systems despite the fact that the technology exists to formulate such models.
The wildlife category displays models which can aid wildlife impact predictions; however, one is specifically incorporated in the ECOSIM model itself and another (PROGNOSIS, COVER extension) makes projections of changes in shrubs and canopy which can potentially be used as input for specific wildlife population models. A single quantitative model for the prediction of elk movement was found for the target regions.
Also, a comprehensive set of wildlife "impacts" developed by the Western Energy and Land Use Team (WELUT) of the U.S. Fish and Wildlife Service, were also identified.
These models, 5 Rather, IPIAS is intended to be a framework for a computer assisted forest pest management information system that can link together (1) biological (including forest 6 growth and mortality, yield, and pest effects); (2) economic (stumpage values, management costs, and local and regional economic effects); and (3) social impact (recreation, scenic beauty, and wildlife) components.
IPIAS will provide information assimilation and presentation rather than optimization. It is not, by itself, a decisionmaking system.
Because of its modular design and its use of forest characteristics as a basic input to all impact modeling IPIAS can be used to address a wide range of forest management problems for a specific application area (a major drainage).
Thus, the comprehensive model inventory and evaluation presented here and in Buhyoff and Daniel (1984) provides information necessary for determining what components can be "pulled off the shelf" to be linked into IPIAS for a particular geographic forest management unit application.
At this stage of the IPIAS development program it is difficult to further define the exact linkages and use of the models in IPIAS. While it is obvious that growth and yield models are different in their inputs/outputs from economic efficiency and other models, ultimate use of any of these models and the resultant use of them by IPIAS can only be meaningful given specific user needs.
At the simplest level they are all prediction techniques; however, while we know they predict different parameters, they also do so in different ways. Some of the models listed are simulations, others are optimization models.
Also, they make predictions over different time frames, geographical areas and for different stand types.
Since the primary intent of IPIAS is to be a management information rather than a management decision system, the basic IPIAS framework will not ordinarily provide linkages to optimization models but only to impact models.
However, should a set of users wish optimization model linkages, these can be defined and constructed. (Leuschner 1979; Mason 1984) .
They suggest that all models be considered within a matrix defined by the interaction of time and area. This matrix (Figure 1 Leuschner (1979) and Mason (1984) .
If benefit/cost analysis is to be ultimately used as a decision criterion for assessing the impacts of a control program for pests, then those models which afford the opportunity to integrate their outputs into benefit/cost analyses could be linked together as potential components of a particular operationalization of IPIAS.
If, on the other hand, only general impact tradeoffs are to be assessed, then another different set of models can be linked together.
The process by which these models can be accessed by users and linked together in order to solve pest impact problems across a broad range of geographic and time requirements is problematic.
However, the Southern Pine Beetle Decision Support System (SPBDSS) is an example of one way to accomplish this task (Rykiel et al. 1984 
CURRENT MODEL USE AND NEEDS
A survey was designed to assess user characteristics, the need for pest impact models, and model interface requirements.
This questionnaire was sent to 255 individuals in Forest Service Regions 1 and 6.
Each regional office, forest, and district were sent copies of the questionnaire. Questionnaires were also sent to specialists in timber management, recreation, hydrology, planning, wildlife, silviculture, and pest management.
The intent of the questionnaire was to not only assess user interface needs, but also to find other models which were not discovered during the model inventory phase. !l/ A total of 62 completed survey responses were returned.
In a number of cases, one respondent represented the model use/needs of several individuals, i.e., survey recipients tended to pass the questionnaire on to their "resident model user".
While the distribution list for the survey was comprehensive, there was no way to assure a complete return. Thus, the "representativeness" of the respondents is to some extent unknown, and there may be models and/or users in the targeted regions that were not captured by this survey. Again, a number of the "models" that were reported (or even rumored) to be in use were investigated and found to be, for example, either only "guidelines", not widely applicable, or not documented for general use. These were not included in this analysis which focused upon documented models which were, at least in principle, available for general use and which had been implemented.
It was very clear from this survey that the principal use of models in the target regions is for timber management. Forest silvicultural specialists far outnumber all other model users and "growth and yield" models are the most available, most used, and most sophisticated of the models identified by the survey.
Indeed, as noted before, the use of models for wildlife, recreation, scenic quality, and range and water appears to be negligible or nonexistent. While some successful models have been developed in these areas (Buhyoff et al. 1982; Schroeder and Daniel 1981) , they are apparently not well known in these regions, and are currently not in use.
Even in forest economics, where quantitative analysis and computer modeling has a more extensive history, little use of models was reported.
Pest management reported substantial impact model use, but this was principally in very close relation to timber management activities.
PROGNOSIS and, to a much lesser extent, DFSIM, both growth and yield simulators, were the dominant models used in Regions 1 and 6.
Users of PROGNOSIS outnumbered the users of all other models by a wide margin. Again, this is due to the fact that PROGNOSIS has wide species and geographic application.
User confidence in PROGNOSIS was generally high, though many users cited the need for improving the accuracy by better calibration to local conditions.
At the same time, the relatively wide range of application was recognized as a strength, and there were several calls for an even greater range of application.
In this context, the need for a less demanding, more user friendly interfact to PROGNOSIS, a concern cited by a number of users, becomes especially critical.
The challenge to PROGNOSIS and other models for this user group is to provide the desired generality and local accuracy without introducing excessive input data requirements or mandating high computer sophistication on the part of the user.
Integration between models and data bases appears to be at a low level. There is some linkages between PROGNOSIS and one or another version of the standard forest inventory data bases.
Linkages to geographic information systems are not presently available except where users have invented their own systems as such.
Linkages among models in use is essentially nonexistent except for the PROGNOSIS extension models which are directly tied to the main PROGNOSIS growth and yield module.
The most comprehensive effort at model linkage is represented by ECOSIM (a general ecosystem simulator), but this system is not generally available and essentially no use was reported in Regions 1 and 6. Once again, respondents requests for improved user interface are relevant.
Effective integration of models and data bases could reduce the need for repetitive and redundant data entry, parameter specifications and input/output control formats. Achieving such a system of models presents a considerable challenge, but significant progress is already presented by such efforts as ECOSIM and the PROGNOSIS family of models.
An adequate base of models which can be linked to provide pest impact predictions for a variety of resources already exists. However, it will still be necessary to develop impact prediction models for recreation, esthetics, and other socioeconomic concerns if forest management and planning efforts are to be aided in their attempts to meet the requirements of RPA, NEPA, and the Multiple Use and Sustained Yield Act.
